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SUMMARY 


The Heavy Ions In Space (HUS) experiment has two primary objectives: ( l) to measure the elemental 
composition of ultraheavy Galactic cosmic rays, beginning in the tin-barium region of the periodic tab e, 
and (2> to investigate heavy ions which arrive at LDEF below the geomagnetic cutoff, either because they 
are not fully stripped of electrons or because their source is within the magnetosphere. Both of these 
objectives have practical as well as astrophysical consequences. In particular, the high atomici number of 
the ultraheavy Galactic cosmic rays puts them among the most intensely ionizing particles in Nature. 
They are therefore capable of upsetting electronic components normally considered lmmuneto sue 
effects. The below-cutoff heavy ions are intensely ionizing because of their low velocity. They can be a 
significant source of microelectronic anomalies in low inclination orbits, where Earth s magnetic field 
protects satellites from most particles from interplanetary space. The HIIS results will lead to 
significantly improved estimates of the intensely ionizing radiation environment. 


INTRODUCTION 


The space radiation environment affects spacecraft in several ways. Cosmic rays and trapped 
particles are the major cause of spacecraft anomalies in digital microelectronic systems. These partic es 
can even cause components to fail suddenly. Space radiation dose slowly degrades the performance of 
most electronic devices and is the factor which ultimately limits the operational life of a spacecraft. The 
radiation dose received by astronauts ultimately limits the duration of all manned missions and may 
constrain the extent of human exploration of space. 

LDEF carried several cosmic ray experiments. Two of these experiments are HIIS and the Ultra 
Heavy CosmicRa^Experiment (UHCRE) 1 . Figure I compares MIS iand UHCRE wi, .previous and 
planned experiments to measure cosmic ray elemental abundances above nickel. UHCRE is the larges 
cosmic ray experiment of all; HIIS is exceeded only by UHCRE and the proposed Heavy Nuclei 
Collector (HNC), which may be launched by the year 2000. HIIS and UHCRE provide complementary 
measurements of the cosmic ray elemental abundances. Whereas UHCRE’s larger area enables it to 
measure the very rarest cosmic rays (at atomic numbers Z > 65), HUS will extend the measurements to 
lower atomic numbers in the range of Z = 45-65, where the primary UHCRE detectors are not sensitive. 


HUS and UHCRE are also complementary in another way. UHCRE was designed to detect only 
relativistic cosmic rays, whose energy is so high that they pass through the detector. HIIS, on the other 
hand was designed also to measure lower energy ions which come to rest in the detector. Potential 
sources of such stopping ions are solar energetic particles, the anomalous component of cosmic rays, and 
trapped heaw ions. Figure 2 compares HIIS with other existing and planned instruments to detect 
stopping ions'. HIIS is orders of magnitude larger than any of these and can therefore make an unequalled 
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Figure I . The collecting power of ultraheavy cosmic ray 
experiments, as measured by the total number of collected 
Galactic cosmic ray iron nuclei vs. minimum kinetic 
energy. In these comparisons, the effects of the different 
wbits are considered. Skylab-, HEAO 3 , ARIEL VI 4 , 
-S?ci/ and j^ CR£ ,solid curves) have been flown. The 
IKfcK and HNC experiments (dashed curves) are planned 
for flight on the Soviet MIR and US Freedom space 

ih^mc^nnraK' ™ on| y fIown experiment larger 
than HIIS is UHCRE. HUS and UHCRE are 

complementary experiments, with HIIS ultraheavy 
measurements beginning at Z-45 and UHCRE' s larger 
collecting power sensitive only to the rarest cosmic ravs at 



— . ui instruments wmch detect 

b / n bring,n g them to rest. The ISEE-V 
CRffi^ma Ulysses, CRRES 6 , TRIS 7 , Spacelab I 8 
Spacelab III , and HUS instruments (solid lines) have been 
flown. SAMPEX' , Geo.ail 5 , Wind<\ and ACT 5 (dalhed 

and TRIS wpnT^f ^ ^ gh ', ,wo H-cebb ™si°"s 
and TRIS were flown less than a year, so for these 

thinrHCRPGc- 1 m |" 1 . ber ofsi even,s plotted. Note 
cosnI2*££f F,? ’ S " 0t ,ntended t0 detect stopping 


fh n lh X ic ra ,h rdin f'^ d , e . ep su [ ye y° f the ? to PP in 8 heavy ion contribution to the radiation environment HHS 
fo? yeS to co°me ° ”** Whidl may inf,Uence the direction of research and engineer™ 


EXPERIMENTAL OBJECTIVES 

Ultraheavy Galactic Cosmic Rays. Galactic cosmic rays provide us with a sample of matter whirh 
or.g, nates from all over the Galaxy. We can use this sample to test our theory forX oHs^of he 
chemical elements. By comparing the composition of cosmic rays with that of the solar swstem and other 
hfi, e L 0f ma ™ ' WC may d *™er differences .hat result from Galactic evolu. ion over he pas. " s 
billion years. These comparisons could also tell us about the special circumstances surround^ rhr 

th „ !Z S Bd . ow [ he l Geomagnetic Cutoff. Satellites inside the magnetosphere are protected from manv of 
the charged particles in the interplanetary medium because these particles are urned back El rth 
magnetic field. Th.swas the case for LDEF, in its low altitude 28 .5" orbit The ^ relevanfuuLthv ^ 
measuring a particle s ability to penetrate into Earth’s magnetic field is its magnetic rigidhy, R, which is 
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simply the particle’s momentum per unit charge. Rjs^^ured JJJ ^Ynit^of the electron charge. 

*» "•* - ldef ° rb " is 

about4GV/c. 

Because R is Che momentum per uni, charge, i, depends upon boih ,he panicle's kinetic energy (K, 
and its charge (Q). Specifically, 

R = (A/Q)[K 2 + 2KM 0 ] 1/2 

. , • c mimhpr M = 0 931 GeV is the atomic mass unit, K is measured in 

where A is the ion s atomic mass * 9 • n f the electron charge. Galactic cosmic rays are 

SeV per nucleon (GeV/n), and Q » mewurec m units ^ atomic number of the nucleus. In 

known to be fully stripped of electrons, so that Q Z where l is me ^ Qf about , GeV /n. 
this case, the cutoff rigidity of 4 G^correspon s ^ sak , to be " be i ow the cutoff. By definition, 

other than fully stripped Galactic cosmic rays. 

Heavy ions trapped in Earth’s magnetic are 

for an ion to appear below the cutoff is if it Galactic cosmic ray of the same energy. Compared 

Q < Z, thus giving the particle £ tow earth orbit. As discussed below, 

to Galactic cosmic rays, such R^tcles a i rticles Because their relatively low velocities 


APPLICATIONS OF THE HIIS RESULTS 

HHS experiment will make a thorough s ^g e J x ^^ h al 8 t h c y rSultso 8 f the HIIS experiment will 

environment than has ever been Pp s p nQm ; r T? av Effects on Microelectronics (CREME) model 
lead to significant improvements in the Cos Y effect (SEE) rates on spacecraft. We anticipate 

CREME is widely used at present ^ estimate s S ■ a „ d in estimating radiation exposure to 

that CREME will also be useful m designmg the^Space _ The results of f ere d by HHS and 

humans and hardware on future missl ^, t ? planned experiment within the next decade. These two 

E E ;::^ " our know,ed8e of ‘ space 

radiation environment. 

A, present we can identify, four areas in which the HIIS data will make CREME more accurate and 
improve its predictive capability. 

1 . Ultraheavy Galactic Cosmic “ 

the most intensely ionizing particles in JNattire. Alt g" common cosmic rays. An accurate 
microelectronic devices that are immune to .the ^^eftects o more co devices in which 

estimate of the flux of . ^de wi „ greatly 

particularly for the most intensely ionizing parades. 

2. Anomalous Component of Cosmic Rtn-s: Tjj“^ ^'"'magnet icSTto sMeMiKs^in low-altitude, 

greatly increases their transmission th rough Eanh s magiKuc^ ^ dominaIe , he linear 

low-inclination orbits. In fact, anomalous co P 1 P wic j e ly used electronic components 
energy transfer (LET) spectrum at LET val anomalous component at Earth extend to only 

become vulnerable. Current ^ s ^ ent an °{^ h st0 pped by approximately 50 mils of aluminum 
about 30 MeV/n for oxygen. The . se of hoSTthe anomalous component spectrum extends 

shielding. At present we have only typical amounts of shielding. 

m^wUI m'aS'te flrsThi^ energy measuremeuts of the anomalous component a, Earth. KBS 
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F,gure n^ mear energy transfer < LET ) spectrum behind 0 IS 
in (U.o4 cm) of aluminum for the peak particle flux of the 
August 1972 solar flares and as averaged around the 
Space Station orbit. Two possibilities are considered that 
the solar energetic particles are fully ionized and that ’they 
are partially ionized as observed at low energies 21 . 


Dt TEC tor or 'HCAVY ON5 w space* 



Mgure 4: One of the two LDEF trays containing the HUS 

X/hTT EaCh ,ray contained modufes, one of 
which is shown in cutaway here. 


3 . 


i" the anomalous component, whose 


pubhshed’re^rts^f Mo^utoff fon^Wc^^noUpre^mlwfrom "T*- ‘ here recent 


ifiii HliS DETECTOR SYSTEM 

tray' %' TOcing end of LDEF. Each 
Each module comprised two separate stacks of plastic track detectors amainS which wt^e^hT 
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one atmosphere of dry air and a top stack which was in vacuum IJtot »nhe £ ^ 
were CR-39'\ which was cast for us by ftrshorc The top slacks 
process for producing highly uniform, drteaorai uality J," d manufactured especially for us 

and some sheets in the mam stacks were Lexan The Uxan we usM^ ^ Hght|y ionizing partic |es 
without UV stabilizer, so as to make it ^sstble to v ^ ica , thickne ss of the detector module was 

■^l^^ct^^^e^otal^umberof ctemctor sheets is 2782, each of which has an area of 1064 cm. The total 
collecting power of the eight detector modules is AC1 - 2.0 m -sr. 

Seven of our eight modules were constructed as described^ a^we^ m°an Wmotphere^f dry 

^ **“*"»■ 

METHOD OF DETECTION 

Plastic track detectors record charged panicles by the trails of radiation 
through the detector sheets. These tracks, which a ation y in t h e plastic. The response of a plastic 

by^ the h etcha W nt y SSiSof 

“sr «ss v T - v ° iwds to ,hc 

formation of a conically shaped etch pit w 


: whenever 
(VyV B ) cos(0) 


> 1 


( 2 ) 


where 0 is the angle between the trajectory ? fth f ^ t ^ ss“(REL), which 

^dcs lllCS measure Ilf 

9ca " “ d - Wan 

be determined by measuring the dimensions of the etch pit 

Stopping ions are identified by f°l ! o w ing the into J ^ra jectory . P wVe n the se V/V B values are 

measuring VyV B in each detector surface a o g P ,| ed " residual range"), they fall upon 

A. Once the particle’s identity is known, its total range in the 

detector specifies its incident energy. 

For rela.ivis.ic panicles, REL .and surfaces. 

vTdei^ 1 ■^ly^’l^S'nunier Z and only very weakly upon .he panicle velocity ft so 
Kerag P e vXva'ue y identifies Z even without a measurmen. of ft 

POST-FLIGHT ASSESSMENT OF THE DETECTOR PERFORMANCE 
CR-39 and Lexan track detectors have routinely 

^evThlf ten dSKSsing the fcual impact of these factors on the performance ol HUS. 
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Thermal Analysis and Temperature Effects 

whS,TrT„'“‘T? f ' ra ? deteC, ° rs is '""PerMure. In 
fully understood, gave misleading results 35 More recent exo^n^n^wh^h t ( f mperature , effects wer e 
importance of temperature control, have proven reliable (cf Ref 7? £ h f C reco S n,zed the 
temperature affects track detectors: P ( Ref * 7) - There are two ways in which 

de^nds^u^n^tl^^ector^ tem^rature aftKme if P J astic l . r ^ detector ^ an ionizing particle 
temperature effect (RTE) hasKS^ 

track detector s high intrinsic resolution the ; ,n r oth and Lexan. To approach the 

throughout its exposure ,he de,ectOT s temperature must be kept within a limited range 


To limit temperature variations within the HIIS detector starkc th^ httq a - ■ • , , , 

thermal control system, in which surface materials their thermsTiVn , design '"eluded a passive 
connections to the LDEF spacecraft etc SS it? 11 and opt.cal properties, thermal 
detailed thermal model of the apparatus whirh • U cbosen - These items were combined in a 
to predict the temperature variation in the detector stacks ThT ° n tbe ^DEF spacecraft 
LDEF’s pre-flight temperature s^cificafloni y elded a t,r^ft gmal t HIIS des,gn ’ combined with 
relatively cold .emperalure ,he RTE is less severe’* and thefmal a„Sg (Slow, cin^ 

(empcralure ^Tmc'or^ f-DEF program office has used 

structure to which our experiment was attached. accurate record of temperatures of the LDEF 

and U etfss!vi,;Ze) o7 [ife vZklltlStoc s an f te - • «f the absorptivity 

experiment, we have s imulatSi the temSZ and , » ^tailed thermal model of our J 

simulation, which are shown on the lefiTin Figure 5 indicated™ the f‘ ec,or s,ack ?' The results of the 
the range of -7.5 + 2.0 °C This better-than pyr,pp t L < Cate , at tbe 'emperature in the main stack was in 
LDEF spacecraftlinderv^nt a smaller ranee o^em^rnf nperatU - re - Sta ^ L. t ^ is due t0 two fac ^rs. First, the 
analysis. Second, LDEF was ^warmest Ce naXn? in ,he Pre-flighl 

thus making it possible for the HDS passive thermal design to co^nTn C i I ? IS re< r e '. ved . the ,ea st sunlight, 
temperature. V aesign to compensate for variation in the spacecraft 

modules partially detached and rol led* up^e^pos i ng p^m of the top defT' b ! atl K etS protectin S the HHS 

damage. The degree of blanket failure varied fro rn mn?)! .1 p Y C r al 1 ! tl ! des _ and vulnerable to atomic oxygen 

blankets revealed that the failures were due to shrinkage of the'm^f! 6 ' P ,® St : fl,ght e . xai ”'nation of the 8 
from the modules. snnnkage ot the top face sheets, causing them to tear loose 

we repeated our thermaUnalysh,^^ temperatures of the main stacks, 

surfaces. The simulated temperature hfstory of the main th SU M d 1 0t/E ? f the ex POsed top-stack 

Figure 5. Without the blanket, the main sSks were c^M?r ^ ^ b ' anket failllre is also sh ^ w " in 

a relatively larger range of temperatures (rms width 2 1Ti _,? .0 °C) and underwent 

in studying very low energy particles were more severel v affent VT detector stacks » which are used only 
caused by the blanket failure is also understandable FiS 1^?' In p tr ? sp ? ct ’ the te mperature shift y 
surfaces nearly balanced solar heatinJ S Radiative 0/6 of exposed Lexan 

direction of cooling. Second, the top § detector stacks^ ?T^T g ,mbalance wa s in the 

add as surrogate thermal biankets. On orbit photography shows", ha, these^xpofed SB up . 
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probably due to eiecirosiauc maigme w, v.,w — — ' 

separated, heat transport through them was less effective. 

The registration temperature effect will contribute to > the wjdteof .elemental ' f 7^X*e end 

ftTpSSte wUh" comparable V/V B values. Even in this ^^'^'Lv'ily 

!“^n e i dS'ta MB at >82. the RTE incteases the width of the charge peak -0.2 
charge units. 

Thermal Annealing. Thermal annealine 41 is Ute process nta .which 

s^SSSSi^S^SSz^Sl. 

S^S^TS^^^Pi^SS^ 

detectors to our laboratory. 


Track Aging Effect 

S^SS?!=as»8sssr 

flight ended, this effect should not be present in our data. 
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Post-Flight Condition of the Detectors 

KW?n™ S , main I de i ec !°u stacks were originally sealed in 1 atm of dry air. The special module with the 
NnnlJI W n d ? WS w ked b< r caus , e * he windows were punctured by micrometeoroids after the thermal 
b ’ a ". ke P? ,ed U P- We analyzed the air in the remaining modules and compared it with air from the bottle 
used to fill the modules before flight This air contained 10% helium as a tracer. The same heflum 

on^n1h atl0n | W | 3S m the modules, proving that they did not leak. The analysis of the 

gas in the modules did, however, reveal a change in composition. The concentration of 0 7 varied from 
module to module, with values in the range of 12-20% of the pre-flight concentration. Most of the O had 
been replaced by carbon dioxide, but some was no longer in gaseous form. Oxygen is consumed during 
tir y Z nZa T pr0Ce f - u The ™ S CR - 39 was manufactured over a six month period? and "some sheets 
Sh th h y H°i yme i nZed Whe ? th , e m 1 odu,es were sealed. Since the detector sheets almost completely 
filled the module volume, residual polymerization of the CR-39 after the modules were sealed could J 
easily account for the missing 0 2 and the variation in the modules’ 0 7 concentrations If residual 

« l'ue prtoiri'rnch miSSi " g ° 2 ' ’ he ° Xygen ra "«" tr ‘« io " s P^^ably leveled out ,o 

f ana *y z '[|§ the gas in the detector modules, the main detector stacks were disassembled We have 
etched sample sheets from the main stacks in two detector modules, C and E, in which the residual O 
concentration was lowest and highest, respectively. Because chemical etching is an irreversible process 

hnMnm?ot S thpL dld h°i W,S w° ? S£ Va ! ua . ble cosmic ra - v data ' we first etched 10 sheets from near the 
module C f ^ modules - We aIso etched Portions of a few sheets from near the top of the main stack in 

In all of the etched sheets, we easily found both relativistic and stopping cosmic ray tracks The 
density of etch pits was not too high, and unrelated etch features did not interfere with measurements of 
the cosmic ray tracks. On the basis of our measurements of these tracks, we conclude that the main 
detector stacks at least in the seven modules which did not leak, contain valuable cosmic ray data 
Portions of the top stacks may also be useable for measuring fluxes of low energy particles since they 
show no signs of UV exposure after the blanket failures. Sy P ’ s,nte tne y 


CALIBRATION OF THE MIS DETECTORS 

We conducted extensive pre-flight accelerator calibrations of the HHS detectors. Our present plan 
however, is to internally calibrate the MIS detectors, using the cosmic rays themselves. The detector 
s ee s we have etched so far contained tracks, but not in the numbers we expected. Relativistic Fe for 

oKc mf> H K P f eai 45 . n0t t0 hav ? h 660 r F corded - Such apparent reduction in CR-39’s sensitivity has been 
observed before ; it is consistent with the reduced oxygen concentration in the modules 46 . Because the 
observed detector response is so different from that in accelerator exposures, we believe that "boot- 
strapping from the observed cosmic ray tracks is the most reliable calibration method This method also 

°" ^ WhatCVer been, will be 

. T ° iM “ this int f rnal calibration method. Figure 6 shows the raw data from stopping heavy ion 

hTn<t S |'lhS R | 3 p neai 7 he bottom of Module C. The data organize themselves into a densefy populated 
band, labeled Fe, with a spread of tracks below the Fe band. There are only two ion tracks thai^re mnr^ 
intensely ionizing. This indicates a sudden drop in the elemental abundance of the ions According to the 
general abundance of elements, there are only two places in the periodic table 

F ?h d ab °I e Pb f Pb 10ns are tar 100 rare t0 explain the observed fluxes, so the band must be Fe ’ 

,hfr f hC num , b t r of u l0n u s m the Fe band ’ we would ex P e ct one or two Ni ions, just as observed We 
therefore assumed that the heaviest ion track in the dataset was Ni. We then tried various hypotheses for 

I h - de r y ° f the l,gh ‘ est tracl ^- Whe 'i the lightest track was assumed to be Ar, the calculated Fe 
calibration curve ran through the Fe band. Using only the Ni and Ar measurements as input we then 
derived the calibration curves for the other elements, also shown in Figure 6. In most cases ’we show 
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Cu 

Ni 

Co 

Fe 

Mn 

Cr 

V 

Ti 

Sc 


and lowest tracks shown in the Figure. 


curves for more than one isotope of each element. Because these ions were detected so deep in the stack, 
fragmentation guarantees that many isotopes are present. We have considered in our ana ysis only the 
most abundantlsotopes, as indicated by a detailed calculation of transport through the detector material. 

To aDDlv the calibration, the measurements for each ion were fitted while leaving the atomic number as 
a freeSamete'^ For alomic numbers with multiple isotopes, the Z/A ratio of the best-fit abundant 
isotope was assumed. The histogram of fitted Z values is shown in Figure 7 Most of the 'ons ; are 
unambiguously identified. This is illustrated in Figure 8, which shows how the goodness of fit (as 

measur^ by the integrated probability of the x ! distribution changes as .XrTiX" ^ 
and down by one unit from the most probable integer value. The large sub-Fe to Fe ratio in Fig 
aDDear unusual However, these tracks were found under ~ 1 5 g/crrr of material Our transpc 
calculation, combined with the Z-dependent geometry factor implicit in equation (2), shows that the 
observed sub-Fe/Fe ratio is consistent with an incident Fe beam. 

To estimate the detector’s charge resolution, we shifted all the elemental peaks in Figure 7 to i overlay 
them at Z-26 Figure 9 shows the® resulting distribution, which gives a good fit to a gauss, an w.th 
standard deviation cr = 0.19 charge units. 

The above internal calibration can be improved by collecting more tracks. Be ^ n r"! 
response varies from module to module, we will have to repeat the above process and do a separate 
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Tracks / 0.25 Charge Unit 


10 ° 



Atomic Number 

Figure 7: Histogram of the fitted atomic numbers of the 
stopping ions. 



Fitted Charge 

Figure 9; The atomic number measurements from all the 
stopping tracks, scaled to overlav at 26. A gaussian fit to 
the distribution yields a - 0.19 charge units. 


HUS Stopping Track Fits 



ZFIT=24 ZFIT=25 ZFIT=26 

ZFIT-1 ZFIT+1 ZFIT-1 ZFIT+1 ZFIT-1 ZFIT+1 

Figure 8: Goodness of fit measures for the identified Z - 24, 
25, and 26 tracks in Figure 6. The goodness of fit is 
measured by the probability of observing a worse x 2 when 
fitting the track to the specified hypothesis (Zfit, Zfit-1, or 
Zfit+ 1 , where Zfit is the most probable integer value of 
ZJ. The probability is calculated by integrating over the 
X" distribution 47 . The plot shows that the fit probability 
generally drops sharply when moving up or down by one 
unit from the most probable Zfit value. This implies that 
the tracks are unambiguously identified. 



Kinetic Energy (MeV/n) 

Figure 10: A comparison of the observed stopping Fe flux 
with estimates from solar energetic Fe ions with the same 
charge state distribution as observed at ~l MeV/n. The 
spectra are the arriving Fe flux at depths of 10, 14, and 18 
g/cnr in the HIIS detector stack. For comparison, we 
also show the spectrum for fully-stripped SEP Fe ions 
(which is not sensitive at low energies to the amount of 
material) under 14 g/cnr. Galactic cosmic rays, which do 
not contribute to the low-energy flux, are also included in 
the calculations. 
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calibration for each module * This should be no problem, since the necessary cosmic ray tracks appear 

another internal check on the calibration. 

PRELIMINARY RESULTS ON STOPPING HEAVY IONS 
The stoDDine heavy ions found near the bottoms of the stacks were a surprise: neither the anomalous 

previous oteOTMions of slopping ions. One possible sourcefor ihcse P^-^f^roV^twen, 
Galactic cosmic rays. We have performed numerical simulations which show that I8±67c ot the inc a 
Galactic cosmic r% \ ron ions must scrape through the atmosphere to explain the observed flux. Th.s 
appears to be far too much, so we have rejected this explanation. 

Another possibility is that these particles come from the very large SEP events which occurred during 
the LDEF mission At “1 MeV/n, SEP Fe ions are known to be only partially-ionized , with a 
SSn of Sarge states with mean value of about 14. If this charge state distribution ,s independent 
of the energy, the SEP’s might explain our stopping heavy ions. 

Figure 10 on the previous page shows a first, crude attempt to test this explanati bn To estimate i the 
SEP Fe fluence during the LDEF mission, we multiplied proton fluxes measured on NOAA s GO 
satellite in 1989 and f 990 by Ihe average SE p Fe/proton ratio . ,. ^SEPFe 

to the charge state distribution observed a. 

of the SEP Fe flux estimate makes the calculated spectra in Figure 10 quite unce am, u 
clearly suggest that partially ionized SEP’s could explain the observed flux. 

We plan to continue our investigation of stopping ions in the bottoms of the HIIS sta ^^ , S ^ f f/ v \ e . 
have examined only ~1% of the sheets that would contain partially-ionized SEP ions Based on the data 
so far, we expect -1000 stopping Fe ions with incident energies between 350 and 900 MeV/n. 

PLANNED ANALYSIS OF RELATIVISTIC ULTRAHEAVY GALACTIC COSMIC RAYS 

Fieure 1 1 illustrates our method for measuring ultraheavy Galactic cosmic rays. Th e f Igure shows the 
raw'data for lSSlSiJE tracks found in scanning part of a sheet near the bottom of ^ 
tracks were followed through 10 sheets, and V/V B was independently measured in -20 detector surfaces. 
The error bar on each V/V B measurement is determined by propagating the measurement errors on 
etch Dit°d i mens ions . ThI average value of V/V B is determined to within ~1 % precision. We have 
checked that the scatter of measurements around these mean values follows a normal gaussian 

distribution. 

To identify the tracks, we used the CR-39 calibration derived from the stopping tracks, which cover the 

SAn^sis of stopping tracks at the bottom of the second module (Module E) is still in Progress. Fluxes -of 
stopping and relativistic ions in Module E are similar to those observed in the first module Module C) 
The track detector in Module E seems to be somewhat more sensitive than that in Module C consistent 

0 2 concentration. This increased sensitivity may allow us to extend 

observations to lighter ions. 
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Figure 1 1 : Raw data on relativistic tracks observed near the bottom of one HUS detector stack A 
a^ gwenatTh^nght f ° r “ Ch ^ ^ at0mic number and the er^r on the result 

same range of V/V p values. Figure 1 1 also shows the fitted atomic numbers, along with the formal error 
derived by propagating the uncertainty in the average value of V/V B . Since these measurements were 
form 6 . under material, no strong elemental accumulations are expected. Also, although the 

formal errors are 0. 1 -0.2 charge units, the fitted atomic numbers do not tightly cluster around integer 
values. Temperature effects and uncertainties in the present calibration are too small to account for this 
spread in the fitted atomic numbers. Monte Carlo simulations of the HIIS resolution (discussed below) 
suggest that the primary reason for the spread is "kinetic smearing": the atomic numbers were fitted bv 
assuming a particle energy of 1 1 GeV/n, but the actual particle energy can be anylhiSve^ ~ f GeV/n 

e detectoi response s residual weak dependence on the particle velocity combines with the Galactic 

&u h s c r.; is,ic non - gaussian cha, * e < Th - ^ “ 

To measure elemental abundances of ultraheavy cosmic rays, we will apply the method shown in 

Fl .f, u r e I*} 0 tra ^ ks found m CR-39 and Lexan sheets near the tops of the main detector stacks The tracks 
will be followed deeper into the stack and measured several more times to eliminate slowing down 
particles, which are a potential background for the heaviest and rarest cosmic rays. 

Using previously reported relative abundances 3 and taking into account detection efficiency 
geomagnet'c transmission, and solar modulation of the Galactic cosmic ray flux throughout the LDEF 
u^o ’ we ( expect _ to find a total of -1500 relativistic cosmic rays at atomic numbers Z > 45 in (he seven 
HHS modules which did not leak. (For comparison, the HEAO dataset 3 , which is currently the word" 
best data on the abundances of ultraheavy cosmic rays, contained -370 such tracks.) After accounting 

r ° ftraCkS Sh ° Wn in Fi8ure 1 1 is ^stent with this flux estimated 

To get an idea of the kind of composition measurements offered by FfllS, we have simulated the 
expected charge histogram. In this simulation we took into account: ( 1 ) the geomagnetic modi, lation of 
the cosmic ray flux and spectrum to LDEF s orbit; (2) the ultraheavv relative abundances 319 - (.3) 
fragmentation in the ~2 g/cnr ot material above the measured sheets; (4) the collecting area and exposure 
time of the seven HIIS modules that did not leak; (5) the detector calibration; (6) the Z-dependent 
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FHt— If 


cnarge peaKb Lciu^cu d - * /owu~ 

geometry factor implied by the and (9) 

registration temperature effec , • i tpr i hits measurements with the the HEAO data . 

ssisfssrar: 

PMZ^tta « deari? separated. This is important because the FVPb ratio is a key 
indicator of the nucleosynthetic processes which produce the cosmic rays. 


CONCLUSIONS 

msZion and a fourfold increase in statistics over the largest earher experiment. 

discoveries about the radiation environment in space, 
fact, although we have so far examined 
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